Population decay analysis using a phenomenological model
Our phenomenological model accounts for two effects on the charge carriers inside the NW induced by the SAW. The first effect is the polarization of the bound e-h pair at low electric fields. The second effect is the induction of spatio-temporal carrier dynamics. For the latter, in perovskites, the similar mobilities of electrons and holes lead to SAW-induced dynamics of both carrier species. This is in contrast to traditional semiconductors e.g. (In)GaAs, in which only the electrons are affected while the holes remain stationary. Both effects only depend on the direction of the SAW's electric field. This in turn leads to the observed -periodic modulation. Thus, we assume that each decay rate /2 contributing to the observed transients can be described by
In this expression denotes the native decay rate , when neglecting the SAW-induced oscillations. Γ i,0 is the amplitude of the intensity modulation. Thus, the full time-modulated transient can be written
Finally, the total population decay rate is given by Figure S1 shows the best fit of Equation S2 (red line, also shown in Figure 1c of the main manuscript) to the data (symbols) discussed in the main paper. The green line shows the extracted population decay
. We determine the mean number of excitons
per NW from the number of photons aborbed by the NW bundle using the bulk absorption coefficient. The number of NWs in the bundle is estimated by scanning electron microscopy. Clearly our simple, phenomenological model describes the data over all times. However, it does not allow to draw conclusions on the underlying mechanism, which require the full model discussed in the main paper. Figure S2 shows the Fast Fourier Transform (FFT) of the three PL transients recorded for the parallel SAW (Figure 2 a, black line), perpendicular SAW (Figure 2b , blue line) and both SAWs (Figure 2c , red line). Clearly no signatures are resolved for the perpendicular configuration because no SAW-driven dynamics occur. The FFT of the other two transients are nearly identical. This proves that the presence of the perpendicular SAW does not have any impact. In particular, it excludes that an exciton polarization by the perpendicular SAW's electric field would increase the dissociation by the parallel one. Furthermore, carriers, which are dissociated by the parallel SAW, are not transferred between NWs by the perpendicular one. Figure 2d of the main paper was performed on the other transients.
Fourier analysis of PL transients

Figure S2 -Fourier analysis of PL transients -The same analysis shown in
Numerical simulation of spatio-temporal carrier dynamics
The SAW-driven spatiotemporal carrier dynamics were calculated using our chargeDynamics code 1 based on a model developed by Garcia-Cristobal and coworkers 2 . Further details can be found in references 1,3 . For the work presented here, the original code was extended to account for the multiexponential PL decay observed for the unperturbed NWs as follows.
In order to account for the observed tri-exponential decay of the unperturbed NW emission, we included this process in the equations describing the SAW-driven spatio-temporal carrier dynamics. The modified equations are:
For details on the model, readers are referred to original work detailing on the model. 1-4 Key parameters used in simulations relevant here are the length of the nanowire, which was set to 840 nm and the exciton binding energy defining the dissociation rate , which was 20 meV. 5, 6 We performed an analogous analysis on a second NW bundle following the same procedure described in the main paper. This analysis is presented in Figure S3 . It follows the same procedure as the one presented in Figure 3 of the main text. For this NW bundle we obtain e = h =4 cm 2 V -1 s -1 , which corroborates the order of magnitude of the mobilities and that the mobility of electron and hole are equal. 
